###### What are the new findings?

-   Systems thinking and qualitative research can be applied to understand injury prevention as a complex system.

-   A system map can illustrate injury prevention as a multilevel system and identify the stakeholders directly and indirectly related to the injury prevention and their interconnections.

-   Injury prevention as a complex system requires an effort of multiple stakeholders working together and sharing the responsibility to prevent injuries.

###### How might it impact on clinical practice in the near future?

-   Injury prevention is not restricted to stakeholders that deal directly with artists, and multiple departments can influence injury prevention due to the interconnection between elements of the system.

-   The injury prevention in an organisation like Cirque du Soleil can be compared with other sports settings, and our approach can be applied to understand sports contexts.

Introduction {#s1}
============

Circus is a performing art in which the artist is exposed to high physical workloads during preparation and performance. As a consequence, circus artists are at high risk of injury and studies have reported injury incidences comparable to sports, ranging from 7.3 to 9.7 injuries per 1000 artist performances.[@R1] Most of circus injury prevention evidence concerns dancers' and musicians' health,[@R4] both performing arts with succinctly different injury rates and spectra when compared with circus. Historically, injury prevention measures for circus artists have been reported rarely beyond safety measures for accident avoidance purposes.[@R5]

Sports injuries are a complex phenomenon.[@R6] Hence, it is important to explore the context of injuries and their associated (causal) factors first when seeking to reduce risk of injury.[@R8] The circus environment combines artistic and athletic performance, consists of multicultural teams and mixes high-level artists with acrobats and former athletes. The artists perform their magic in an occupational environment that includes various stakeholders with different responsibilities, working in different departments and management structures.

A systems approach, already applied in tobacco control and obesity prevention,[@R10] can help us understand the contextual complexity. Therefore, we combined the systems approach with qualitative research methods to listen to artists and their entourage---coaches, health professionals and artistic directors (AD)---in a circus setting. Our goal was to better understand the specific context in which injury occurs and map opportunities and challenges to prevent injuries.

Methods {#s2}
=======

Setting {#s2-1}
-------

Cirque du Soleil is a Canadian entertainment company with a 30-year history is the largest theatrical producer in the world. The company employs over 5000 people on four continents to perform 23 shows concurrently.[@R12] Over 1000 artists from over 40 different countries and diverse backgrounds (traditional circus artists, former professional athletes, musicians and dancers) perform a variety of circus disciplines.[@R13] Cirque du Soleil shows involve circus artists who perform in individual 'solo' acts or in group acts. Beyond an artist's primary act, the artist also performs 'cues', that is, supplementary mini performances or activities during a show. A typical workweek for an artist consists of an average of 8--10 shows, spread over 5--6 consecutive days. Individual artists or group acts can have 'rotations' to adjust to workload and logistical considerations. Some shows are always performed in the same theatre (ie, residential shows (RS)). Other shows travel around the world. These touring shows (TS) can have varying formats, which can be a traditional 'Big Top' (a circus tent), staying in a particular city for two or 3 months on average or an 'Arena', staying in a particular city for an average of 1 or 2 weeks.

Participants {#s2-2}
------------

We studied a convenience sample made up of participants from two RS and four TS. This covered a variety of show formats including; 'big top', arena and RS. The specific show choice was based on the shows' schedule and the availability of cast and staff.

The main stakeholders of the artistic team (ie, those dealing directly with artists) within each selected show were invited to participate in a face-to-face interview. The sample included 6 head coaches (HC), 12 physiotherapists and athletic trainers---so-called Performance Medicine therapist (Pmed)---and 6 AD. All agreed to participate, but one Pmed was not available on the scheduled interview day due show demands.

All artists of selected shows were informed and invited to participate voluntarily in a focus group (FG) session. To guarantee a sample representative of the cast diversity in the show, artists from different backgrounds, cultures and disciplines were also personally invited by the Pmeds. A total of 64 artists participated in 7 FGs. Due to logistical reasons at one show, two FGs of five artists each had to be organised. At the other shows 1 FG was organised, varying in size from 9 to 13 artists.

All participants provided verbal audio-recorded informed consent and had confidentiality guaranteed.

Data collection {#s2-3}
---------------

The interviews and FGs were conducted between July and December 2016 in different countries, depending on the location of the show at that time. The main author (CB) visited the shows and for 2 days, in each show, performed all the interviews and FGs. The structure of the interviews and FGs contemplated main themes like 'injury', 'injury-related factors' and 'injury prevention'. The interview guide included the following questions:

-   What do you consider an injury (ie, injury definition)?

-   Which factors influence the injury occurrence?

-   Can injuries be prevented? How can injuries be prevented?

-   Who is responsible to prevent injuries?

-   Why would you be interested to prevent injury?

-   Which injury prevention strategies do you apply and why?

After six shows, the same themes were repeated and no additional data was added, indicating that saturation had been reached.

All interviews and FGs were conducted onsite in a private room to ensure confidentiality. The individual interviews lasted on average 32 min (range: 22--45 min). The average duration of FGs was 68 min (range: 52--86 min). For the FGs, questions were asked in an interactive group setting, where participants were free to interact and to share ideas with other group members. A trained researcher (CB) was the moderator for each FG.

Data analysis {#s2-4}
-------------

All interviews and FGs were audio-recorded and transcribed verbatim by the main author (CB). Any personal information or information that was deductible to an individual was anonymised during transcription. The data analysis flow is depicted in [figure 1](#F1){ref-type="fig"}. Data were analysed using principles of Grounded Theory.[@R14] This is a systematic inductive method that, through gathering, analysing and synthetizing data, generates main concepts to develop a theory. Initially, to synthesise the content of the interviews and FGs, the first author conducted open coding by creating codes, based on the repeated ideas and elements that had been extracted from the data. After agreement with a second coder (EV), all codes were re-reviewed and grouped into concepts and then into categories through applying constant comparison analysis.[@R16]

![Data analysis flowchart.](bmjsem-2018-000492f01){#F1}

After consensus, main elements were grouped in categories. Then, concept mapping was applied to reduce the data and to analyse interconnections between categories. A concept map is a diagram that depicts suggested relationships between concept categories and that helps to visualise and organise the data.[@R18] The first raw concept map plots the main concepts and the interconnections without a specific structure. Thereafter, a systems map was developed by organising the interconnections of the previous map in a multilevel structure. A systems map is a visual description of the structure of an organisation with the different actors involved and their mutual links and flows through the system. Using a systems thinking approach, connections were identified between the categories, stakeholders and processes of the system.[@R11] Subsequently, a system map was designed to describe the individuals and elements involved in injury prevention and their interconnections.

Results {#s3}
=======

Injury definition {#s3-1}
-----------------

The stakeholders defined injury in different ways based on injury consequences. The most mentioned description of an injury was as 'a limitation that hampers an optimal performance'. The necessity to modify training and show performances was described as a common consequence of an injury, while missed training or performance was acknowledged as an easy descriptor of injury. The impact on show quality was mentioned as a consequence of injury, especially by HC and ADs. Although pain was mentioned as a part of injury, it was not described as a prerequisite to be classified as being injured (ie, injuries can also affect an individual without pain, and not every pain classifies as injury). The main identified codes related to the definition and description of injury are presented in [table 1](#T1){ref-type="table"}, with respective quotes.

###### 

Codes related to the definition/description of injury and associated illustrative quotes

  ------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Performance limitation**                       *I think an injury can be any sort of limitation; that doesn't allow you to perform or do your job 100%, or can jeopardize a limitation that you have already. In that case, I think any type of limitation that doesn't allow you to perform 100% should be taking care of, in order to not make it worse.***Artist**\
                                                   *In my mind, an injury would be something that will cause an artist to not be able to do their regular duties. Something that is caused by trauma, but also something else that makes them not able to perform their duty.* **AD**\
                                                   *Something that prohibits you to be in your full potential; for me, it's an injury.* **Coach**

  **Missing or modifying training/ shows**         *--Something that makes you stop to do your act, or something that you need to stop to do on stage. That means, you are not able to do what you do for performing.*\
                                                   *--When you can't complete your performance.* **Different Artists, FG** **(** **2**)\
                                                   *Sometimes we just adapt to our injuries, for example, if you've injured your finger:'ok, you can't grab so strong, but you still have 4 more fingers to grab'. So, you can compensate, you can adapt to your injuries.* **Artist**

  **Impact on the show and performance quality**   *In my role, as an AD, when I hear the word'injury', my first question is: how does it affect the artist in the show? So, for me, when we talk about injury there are a lot of questions and a lot of possibilities. So, whether the artist is out completely, short term, long term, modified or restricted temporarily or permanently.* **AD**

  **Pain feeling**                                 *I think pain can be the guide of injury for some people, but it depends on the individual.* **Pmed**\
                                                   *Pain? Depends on the artist and different artists have different level-of-pain thresholds.* **Coach**\
                                                   *--Because we are used to work with pain, right?*\
                                                   *--Indeed (others say'right')*\
                                                   *--But pain is a sign that something is wrong.*\
                                                   *--Pain gives meaning to your life, you know? (everybody laughs)*\
                                                   *--If you wake up with no pain, you are dead.* **Different Artists, FG** **(** **1**)
  ------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Factors related to injury occurrence {#s3-2}
------------------------------------

The various stakeholders mentioned a wide variety of injury risk factors. Many times, when describing the potential injury risk factors, they suggested an interrelation between factors.

> \@What do you think influences the injury?
>
> Many things... How they \[artist\] manage their bodies, how they come to the table, what their discipline is, what their work on a daily basis is, in comparison to what they do in preparation, or maintenance for their own career. Mental state, external influences, anything that is not letting them be in tiptop shape in their brains, accidents, things out of our control. Those are the elements that would be direct contributors to an injury. Also, personal problems, distractions, whether they are happy or worried, focused on what they have to do, if it's a team, the environment, just external things that we can't control as well. **AD**

The injury factor most referred to was the relationship between load and capacity. Workload was perceived as high, but participants also acknowledged that injury risk was related to their capacity to deal with this workload.

> But without the proper training, without strengthening to get there, without the proper work ...that causes an injury. **Artist**

The artists' workload, as a general concept, was constantly mentioned as injury risk factor. Factors that can modify the workload and their interactions were also frequently described.

> They \[artists\] need to train to improve technique, to perform better, but we also need to take into consideration that they need to do shows and all the other rehearsal. So we try to balance it, all the time. And it's quite difficult. **Coach**

Physical workload though was described also to be related with other factors, such as the show schedule and the number of cues. Mental and emotional load were also referred as risk factors for injury. A summary of the main coded injury-related risk factor and associated quotes is presented in [table 2](#T2){ref-type="table"}.

###### 

Factors related to the injury occurrence and supportive quotes

  ----------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Daily schedule** (ie, number of rehearsals, time to eat and rest, staging time)   *But sometimes they try to put all the training in the same day and if you look at it, they don't plan. They (staff) feel that you can go 'till 7, but at 7 I start to warm up 'till 8 and sometimes, many days, I have to eat in 10min and do my make-up and all.***Artist**\
                                                                                      *So, we try to look at time too. Because even if you were not having a heavy rehearsal sometimes we are just in the theater, from 1pm to 11pm, This is a long day.* **Coach**\
                                                                                      *We take into account what their artistic schedule is, we have a lot of extra staging, and this is extra time to their daily workload.* **AD**

  **Number of cues\***                                                                *It depends on the show too. In some shows, they need to do many cues, you need to be all the time on stage, and I feel you have more injuries.* **Artist**\
                                                                                      *It's not even about the act sometimes, it is the cues. We are used to the acts but the cues: that's the load. So we need rotations of cues.* **Artist**

  **Number of rotations and backups\*\***                                             *Being able to have a happy rotation, prohibit people to get injured. Because everyone is having a day on and a day off consistently, and your body gets recuperated essentially.* **Artist**\
                                                                                      *When someone else can take that load. In a group act you have people who can help with the load. In my case if she\[another artist\]is hurt, like a wrist pain, I can do it for her.* **Artist**

  **Rest/** **recovery time**                                                         S*ounds to me that we need to find a way to rest more. Injury prevention for me it's to have a time for my body to relax. Because you can build in to my quadriceps or my gluteal, but if you take my four hours rehearsal and add my two shows and strength and conditioning somewhere... yes, my gluteus need to be stronger but I am exhausted after that. So it's a way to find a balance between rest and somehow be able to maintain all of the shows.* **Artist**\
                                                                                      *Artists perform and they usually stay up till 2*,*3 in the morning. Because they are bumped in adrenaline. They go to sleep late, they wake up late, and if the schedule starts early they don't have enough rest.* **AD**

  **Mental load**                                                                     *Also not being mentally in the place can cause injuries. I know because when I had an injury before, I definitely was not in a good mental space, but it came along with fatigue also.* **AD**\
                                                                                      *Sometimes physically you can be tired but you can still do the show, you know what you are doing and you are concentrated and you can prevent injuries. But when you are mentally tired, the one second that you are not concentrated, this second will push you to the injury.* **Artist**

  **Fatigue**                                                                         *Fatigue is a factor, because often an accident happens when someone is not 100 % and this person will make a mistake. Or his body is capable for a certain workload and when fatigue works there, the body can't deal with the weight and the injury happens.* **Coach**

  **Appropriate technique**                                                           *There is a lot of factors. Starting from technique, we also have group acts, so there could be a mistake of somebody else, someone falls from high and you spot him and you get injured from that. It's very easy to get an injury (...)that's why we train people.* **Coach**\
                                                                                      *Another factor is the lack of technique, we try to improve it to avoid a movement or a mistake that can lead to an injury.* **Coach**

  **External factors** (ie, weather, arena and touring conditions)                    *Training space, training area, just the demands of be on tour: like jetlag, sleeping patterns, hotel rooms, all can contribute, all that ...they kind of all match together.* **Pmed**
  ----------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Minor performances (dancing or acting) during the shows that add to the artists staging time.

\*\*Some acts or cues can be performed by more than one artist and there is a rotation of the artists to play in different roles.

Injury prevention: strategies and roles {#s3-3}
---------------------------------------

All participants described strategies to prevent injuries as part of their practice and also their role ([table 3](#T3){ref-type="table"}). The artists perceived themselves as responsible for the protection of their health as well as for the injury prevention. Additionally, they stated the need of support from other stakeholders to be able to comply with this responsibility. The artistic team described the artists as the main role for injury prevention as well. However, they also described their own roles and strategies to prevent injuries.

###### 

Preventive strategies mentioned by the stakeholders and supporting quotes

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Strategies mentioned by artists                          
  -------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Healthy lifestyle**                                    *You need to be healthy, you know? It's not about just one specific exercise. If you are healthy, you need to eat well, sleep well, you need to do your work. Lifestyle. If you are healthy, your body will be healthy.*

  **Show/** **training modification or adaptation**        *If I'm climbing the pole and it hurts. (...)I can recognize that and maybe climb in a different way. So I know I will do exactly the same climb 700 times a year. So, it's important to make slight modifications, shift the pressure, shift the stress on your body. To be aware of that.*\
                                                           *I work every day, so I can rest or I can train and I'm in a solo\[act\] so I have the option to change my act a little, and for me this is pretty good.*

  **Preparation and warm up**                              *So for me, if I want to avoid injury, if I want less pain, the best way is: warm up and exercises. And I know if I stop, I know my back will hurt and I need to do specific exercises. This really really helps. So during the year I do the same exercises before the act, and it's really helpful for me, help me to not have an injury.*\
                                                           *For me, stretch, exercises, warm up. This is the best way to avoid injuries.*

  **Respect your limits and** **l** **isten your body**    *No other person knows your body as you know. So that's the best thing- to prevent injury, you need to know your body 100% . You need to feel your body.*\
                                                           *If something is not going right, rather than be pushing and pushing... maybe there is a reason why it isn't going right. So, I would take it easy today, and find a way to not push too much.*

  **Experience**                                           *And your experience helps you to know how to manage* *\[* *your body* *\]* *and how to prevent injuries, it's by getting injured that you learn how to prevent injuries.*\
                                                           *Getting injured helps you to detect* *'* *types* *'* *of pain. And there is good and bad pain. And some pain is related to an injury and it's a clear signal, that* *'* *ok, now, you need to do this and this* *'*.

  **Strategies mentioned by the head coaches**             

  **Preparation**                                          *One* *\[* *strategy* *\]* *is the physical preparation, they need to have the physical condition to perform the workload in their body. I would say that this is a big one.*

  **Healthy lifestyle**                                    *Diet and sleep are important for sure. For 2 reasons: your body is stronger and your focus is better and you are less likely to make mistakes that can cause an injury.*

  **Load management**                                      *We can talk and we can modify a little bit here and there. We also have a good rotation system here, which I also believe it's good for prevention, because we share the workload. Maybe sometimes an artist has an easier show, and they can build up again, for a more difficult one in the end of the week. We look to the rotations and see how we can be more fair, give rest to artists, create more rotations; so, people are not doing the same thing all the time.*

  **Technique**                                            *You can see how the technique is, if the technique start to be less good, is a reason for it* *\[* *to intervene as a coach* *\]* .

  **Safety**                                               *Every time a new show come up they need to check the equipment to be safe. I think safety is in everyone's mind. And safety is part of injury prevention.*

  **Strategies mentioned by the** **artistic directors**   

  **Management and support**                               *I deal a lot with their* *\[* *the artists* *\]* *moral and in making sure that they feel supported. (...)That's is what I would say as my particular job. Making them feel supported, making them feel heard, having resource to manage the external things that is going on.*

  **Load management**                                      *We don't over train them* *\[* *artists* *\]. We rotate a lot of the skills set and we have backups options. Those types of options help us to manage the show, but they also manage the injury. If we are just slamming people 10 shows a week, until they are broken, that will not do much for our investment and we are not managing properly.*

  **Communication**                                        *I find that the artistic team structure is great. Because of the communication flow, you would never know that wardrobe would influence Pmed. But if shoes aren't correct for the artist integration or this injury...The team communication and the meetings that we have weekly. We run every artist, every injury, everything that is going on with them.*

  **Strategies mentioned by the Pmed**                     

  **Physical assessment and preventive exercises**         *\@how would you define prevention in a general term?*\
                                                           *The act of taking the artist* *, doing an evaluation with them, determining where they need to work, addressing those issues with programs that correct what you find. Progressing to increase the strength and the tolerance to do what they are ask to do, the show performance. For me, that's it: from start to finish.*

  **Load management**                                      *We modify what we do based on the overall load. If we know that is 10 shows week or whatever, we can change this, we can try to modify workload: their own training, their strength and conditioning, their preventive intervention. Because all those things are workload.*
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The main preventive strategies described by the artists were maintaining a healthy lifestyle, being fit for their role, performing a proper warm up, listening to their body, respecting limits and managing load. They described injury prevention to be a learning process during which, based on their experiences, they developed their own strategies to prevent future injury. The importance of some of the strategies described by the artists was also underlined by the HCs, ADs and Pmeds, such as preparation, warmup and maintenance of a healthy lifestyle.

The HCs described their injury prevention function in improving technique through training and managing the show and through training workload. To do so, they have to listen to the artist and they have to communicate with the artistic team. Together with the technical team, they also play a role in risk management if it concerns act-specific safety issues.

The ADs acknowledged their role as managers to support injury prevention strategies of other stakeholders and to facilitate the communication between different departments or at the higher organisational level.

For Pmeds, their role to prevent injuries was mainly related to physical assessments and to possible interventions to reduce the risk of injury through exercise-based interventions; that is, preventive exercises. They described their role in load management when providing advice to the artistic team, mainly when it concerned artists at a specific risk or artists being symptomatic or injured.

Other stakeholders who were not interviewed were mentioned as part of injury prevention, while they hold responsibility for factors related to the injuries. For example, the daily schedule and line-up of the show are prepared by stage management (SM) together with the artistic team, which make these stakeholders part of the injury prevention strategy of managing the load ([table 4](#T4){ref-type="table"}).

###### 

Other departments roles that influence injury and its prevention

  ------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Stage management** **(** **SM** **)**          *SM, because they are the ones that are dividing the cues. So if they see that an artist is on stage* *75* *%* *of the time, while this other artist is just* *50* *%* *...* *They need to find rotations, backups, replacements and put that in place in order to balance the load.* **AD**

  **Technical staff (Sound, Light, Automation)**   *The technician for our act is very important and you need to trust them. (others agree). It's trust in the technicians and in our team.* **Artist**\
                                                   *Any aerial number it's dangerous for us. So, we need the technical team in their best game. So it's not just artists that need to prevent injuries.* **Artist**

  **Wardrobe**                                     *In our costume, we have pads in some areas where we hit the bars and wardrobe always help with that. They put pads to protect these areas.* **Artist**\
                                                   *I'm having this problem with my costume, and for me is not a big safety thing. But I would make a lot easier for me to execute this particular trick if I have a piece of this costume gone. (...)And they need to developed a whole new costume.* **Artist**

  **Casting**                                      *Casting- I think it\'s very important. The choice of that person for that profile. There is a lot of trouble choosing people who are not appropriate for that. And sometimes with a month, a week, the person breaks down. Because the casting was badly done, the way we choose the artists is very important.* **Coach**

  **Creation**                                     *Also in creation, you have to be careful when you create certain acts. If they come with an act that the experts of cirque already see:* *'* *uhh, it's a beautiful act right now, but in a long term this might become a problem* *'. So, they should think about it already there. And hire at least two groups of those people and they can always rotate. So the pressure is not just in a duo or in trio.* **AD**

  **High management (senior managers)**            *The thing that I keep talking about is: for me, injury prevention should start in the headquarters. Because it's* *...* *something new. (...). It's hard to start without* *\[* *injury prevention* *\]. This is a big big thing right now. This needs to be part of the culture of circus, the injury prevention.* **Coach**

  **Travel and lodging/** **tour management**      *I believe tour management could help us a lot, in regards to travel to city to city. Some of the times put a lot of stress in my body. (...)I feel like simple measures that could be taken by other departments that could really benefit our health.* **Artist**
  ------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mapping injury prevention by a system thinking approach {#s3-4}
-------------------------------------------------------

Initially, a first map was proposed with no guiding framework, being a raw description of interrelations of main codes observed in our data, resulting in a chaotic web of concepts. Thereafter, we applied a systems thinking approach to organise the data in a multiple level system by mapping the main elements, the various stakeholder groups and the interconnectedness between them. We subsequently built a system map with the artist in the centre with subsequent circles around the artist, running from proximal to distal, considering the respective stakeholders as well as their interconnections ([figure 2](#F2){ref-type="fig"}). Circle A, represents mainly artist-related (intrinsic) factors, such as the artist's lifestyle and technique. Circle B presents external factors related to injury prevention, for example, the show schedule. The elements of the circles A and B build up to circle C, with the main prevention strategies. For instance, preparation depends on equipment and also on the artist's strength condition. Thereafter, circle D represents the different stakeholders who are connected to the strategies and the factors in different levels. Load management, as an example, is a multilevel strategy that connects to many stakeholders who can modulate different elements that comprise load, such as schedule or movement quality.

![A multilevel system map with factors, strategies and stakeholders in relation to injury and their prevention. Starting at the centre of the map (ie, the athlete) and moving distally; (A) entails artists-related intrinsic injury factors; (B) presents external injury factors; (C) describes the main preventive strategies (eg, load management, safety and preparation) which are driven by the factors from the inner two circles; (D) represents the stakeholders in the system as well as how they connect to the strategies and factors across the multiple levels.](bmjsem-2018-000492f02){#F2}

Discussion {#s4}
==========

This study captured an overview of injury and its prevention in the unique context of an international circus company and analysed from a systems thinking lens.

Injury is defined based on performance limitation {#s4-1}
-------------------------------------------------

The way that injury was described was mainly based on the consequence that injury has on performance. Missing or modified performances and the need for medical care are typically the main criteria applied in the current injury reporting system in Cirque du Soleil,[@R1] which suggest that injuries may be underreported if we consider the stakeholders' definition. Injury definition was already discussed in the dance and sports medicine literature,[@R20] also reflecting on the potential underreporting when applying time-loss definitions. Monitoring the level of performance of the artist from a stakeholders' perspective can be a potential way to monitor injuries and their consequence. Pain was not directly associated with injury, as the artists perceived pain as 'part of the game'. Studies with dancers and elite athletes[@R23] have already stated that pain is perceived as trivial, which is similar to the perceptions presented in our study.

Workload plays an important role {#s4-2}
--------------------------------

The workload was presented as the main injury risk, but also modulated by interrelated factors (eg, schedule, cues and number of rotations). In line, the importance of load was mentioned by the participants, who stated load management as a preventive strategy. All stakeholders mentioned their role in load management and they also described the role of other stakeholders (ie, SM). In this way, as some sports medicine studies have already suggested, load management is an important strategy for injury prevention.[@R25] The literature also emphasises the need for an open communication[@R27] and shared responsibility[@R28] in load management. Hereby, the AD's role of team manager and leader is also a relevant to support injury prevention strategies. If we draw a parallel with sports, the head coach is the leader and there is evidence that the leadership style can influence the injury occurrence.[@R29]

Injury prevention in a multilevel system {#s4-3}
----------------------------------------

Systems thinking[@R19] helps us to understand how the elements that relate to injury and its prevention are under control of different stakeholders. Beyond the stakeholders that are directly related to the artist such as coach and Pmed, there are other departments (eg, high management) which indirectly affect key elements of injury prevention in a multilevel system. Therefore, to develop more comprehensive injury prevention strategies, all stakeholders should be involved and engaged, by acknowledging how their roles potentially impact injury and its prevention. Moreover, the interconnected levels indicate the importance of shared responsibility regarding injury prevention. This teamwork needs to be structured, understood and reinforced.

However, although a system map helps to understand the complexity of injury prevention in practice, it is just a starting point. Considering injury prevention as a dynamic and complex system, for a deeper understanding, we need to be able to monitor how the elements work and interact in the system and how they change over time.

Strengths and limitations {#s4-4}
-------------------------

This study has some limitations. This very specific sample limits comparability with other settings. Despite our guarantee of confidentiality, it is possible that some participants filtered their opinions, as they are company employees. Moving to strengths, we included four different stakeholder groups (AD, coaches, health professionals), who provided multiple perspectives on injury prevention. We applied concepts of the Grounded Theory which allowed findings to emerge from the data and describe the participant's perspectives. Additionally, by applying qualitative research and system thinking principles, we developed an innovative approach that may help to further develop the field; it may be useful in other sport medicine settings.

Conclusion {#s5}
==========

By applying qualitative methods and a systems thinking approach, we mapped injury prevention in daily practice, thereby allowing us to better understand the challenges and opportunities in this particular setting. Injury prevention was presented as a multilevel system that involves diverse stakeholders. This reinforces the importance of multilevel injury prevention approaches with shared responsibility and open communication between stakeholders. Since the company in this study can be compared with some sports organisations, we encourage future studies to apply a similar approach in sports settings.
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